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A The aggregate accumulation of human capital with growing population
With a growing population at constant exogenous rate g p , the size of a cohort born at time t is (λ t + g p )e gpt : enough new people are born to replace those who die λ t e gpt and to obtain a net growth g p e gpt . Consequently the aggregate human capital becomes:
gps−λs(t−s) ds,
Differentiating with respect to time we obtain: i Pollution, health and growth with finite lifetimes ii of this cohort, the higher the population growth. We assume that the overall human capital of a newborn (λ t + g p )e gpt h t,t is inherited from the dying generation and is proportional to the current aggregate stock of human capital such that (λ t + g p )e gpt h t,t = ηH t . Contrary to the case where population is constant, it means that the lower the human capital inherited by each newborn, the higher is population growth: h t,t, = ηHt (λt+gp)e gpt . Furthermore, the effect of population growth on aggregate human capital accumulation vanishes. If we assume that h t,t remains constant whatever the growth of population, a positive output growth in the long-run would be impossible: the growth rate of aggregate human capital would depend on the current time (via e gpt ) and so it could not be constant even in the long-run.
B Derivation of the BGP equilibrium in the centralized economy
B.1 Objective and first-order conditions at the optimum
As noted by Calvo and Obstfeld (1988) , the social welfare function, at time t = 0 is the sum of two components. The first component captures the expected utilities of agents from each of the generations to be born, measured from the moment of birth. The second component captures expected utilities of agents from each of those generations currently alive, over the remainder of their lifetimes, measured from the time t = 0. The planner discount rate is equal to the pure time-preference ρ to avoid problems of time consistency (see Calvo and Obstfeld (1988) for more details). Consequently, welfare at t = 0 is
Note that the second term in the right-hand side is discounted by the planner at time 0, so we write it as
ds. After changing the order of derivation, we can write (A.1) as
Pollution, health and growth with finite lifetimes iii The program of the social planner is: max cs,t,us,t,At,θt
Kt,Ht,Hs,t
with U (c s,t , P t ) defined by equation (3) in the paper.
To solve (10), we define the Lagrangian, with σ = 1, as:
where π 1 and π 2 are the costate variables for an interior solution and v is the Lagrangian multiplier. The necessary conditions are:
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First, (A.4) implies that c s,t is independent from s: c s,t = c t . Consequently, because
Based on (A.2), we write the social welfare function as
From equations (A.5) and (A.10), we obtain
Pollution, health and growth with finite lifetimes v Consequently, λ s is independent from s:
(A.10) means that u s,t is also independent from s:
Using (A.9) and the previous results, we have:
Extracting −φγe −ρt in (A.6) and introducing it in (A.8), using the previous results and simplifying, we obtain:
Differentiating (A.5) with respect to time and using the previous results, it becomes:u
Differentiating (A.4) with respect to time and recalling that P t = (K t /A t ) γ , we obtain:Ċ
Furthermore, we also havė
B.2 The balanced growth path
From equations (6) and (8) in the text, the steady state in this economy is a balanced growth path where H, K, A, C and Y grow at a common rate and where the intersectoral allocation of human capital u and the part of the aggregate final output used to provide public-health services θ are constant.
We define x ≡ C/K and b ≡ H/K. Along the BGP, x, b, P and λ are also constant. From (A.17), (A.18) and (A.15),ẋ = 0 implies .20) and from (A.18), (A.19) and (A.15),ḃ = 0 implies
where a star denotes a variable along the BGP. Furthermore, withu =θ = 0, (A.15), (A.14) and (A.16) give .22) that is the return to the accumulation of physical capital equal the return to accumulation of human capital. Subtracting (A.20) and (A.21) and using (A.22), we obtain the value of the allocation of human capital to production in the long-run
Since u ∈]0, 1[, we always have σρ + (1 − σ)B > 0. Using (A.20) and (A.22), we have
Using (A.5), (A.7), (11) and recalling that λ = δP ψ βθ , we obtain a relation between θ the part of health care expenditures and the net pollution flow along the BGP P :
> 0 since u defined by (11) must be positive. Consequently, the higher the net flow of pollution in the long-run, the higher the part of the public health-care expenditures in GDP. Solving this relation gives
Consequently, the probability of death along the BGP depends positively on the net flow of pollution:
Note that θ is always lower than unity and that lim P →0 Λ(P ) = 0 and lim P →+∞ Λ(P ) = +∞. Finally, using the value of u , we see that the expression of the growth rate along the BGP depends negatively on the long-run flow of pollution:
Using (A.5), (A.4) and (A.6), we can define P as
(12) Note that P is constant along the BGP and therefore we have verified that the environmental quality is constant in the long-run.
C Corner solutions for u
In this section we investigate the possibility of corner solutions for u in the centralized equilibrium. Because lim u→0 ∂Y /∂u = ∞, u = 0 is not sutainable as an equilibrium.
For u = 1 we have to solve the program of the social planner expliciting the condition u ≤ 1. Consequently we write max cs,t,us,t,At,θt
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The Lagrangian, with σ = 1, is:
where ζ s,t ≥ 0 is the Lagrangian multiplier associated to 0 ≤ 1 − u s,t . The necessary conditions are:
Considering the case where the constraint 0 ≤ 1−u s,t is binding, equations (A.27), (A.29), (A.30) and (A.32) become:
First, (A.26) implies that c s,t is independent from s: c s,t = c t = C t . Second, equation (A.37) implies that λ s is independent from s:
From (A.34) and (A.35), A.38) From (A.34) and (A.37),
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The first-order conditions enable us to write:
Furthermore, (A.17) and (A.18) with u = 1 giveĊ
Along the balanced growth path, H, K, A, C and Y evolve at a common rate and θ, P and therefore λ are constant. If λ > 0 (the denotes steadystate), the aggregate human capital accumulation is negative and H, K, A, C, Y decrease towards 0: the economy vanishes and u = 1 can not be sustained as an equilibrium. If λ = 0,Ḣ/H = 0 and there could be a steady-state equilibrium with no growth.
From (A.35), π 1,t /π 2,t is constant in the steady-state, therefore (A.40) and (A.41) give
Furthermore, using (A.42),Ċ/C =Ḣ/H implies
Recalling that λ = δP ψ βθ , this equation is a second-order equation in θ whose the positive solution is an increasing function of P :
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with lim P →+∞ Λ(P ) = +∞.
To have λ = 0, it is required that P = 0. Because P = K A γ and A is bounded, we conclude that K = 0. However, at the same time K must be positive. Consequently, λ = 0 is not possible and u = 1 can not be sustained as an equilibrium.
D Existence and unicity of
Recall that θ is defined by equation (A.24) with P replaced by P. Since P negatively depends on τ (see equation 16 in the paper), θ is a decreasing function of τ and A increases with τ .
It is straightforward that 
